The activation cross sections of proton induced reactions on nat Sb target leading to the formation of the radioisotopes 121m,g,123m Te were measured. The experimental excitation functions were compared with the theoretical model calculations using the codes EMPIRE-3.1 and TALYS-1.4. The integral yields of the three radionuclides were calculated and the possibility of their production is discussed.
Introduction
Nuclear reaction cross sections have various practical applications in science and technology. Charged-particle accelerators and nuclear reactors are commonly employed to produce radionuclides of interest. The physical basis of radionuclide production is optimized by using nuclear cross section data. Therefore, among the various types of nuclear data, the cross sections have great significance in the production and quality control of the desired radionuclides [1, 2] . Proton-induced reaction cross sections on natural antimony are important for various practical applications such as medical radionuclide production, thin layer activation (TLA) analysis, dosimetry application, etc. [3] .
Antimony is an important element in several technical applications. Some of the radioisotopes produced on an-timony have potential for use in several areas. This work deals with the production of some of those radionuclides.
The interaction of antimony with light ions has not been studied extensively [4, 5] . The aim of this study was to provide additional well established experimental crosssection data on proton induced reactions on natural antimony and thus to improve the quality of the data available in the literature.
Nuclear model calculations
With a view to validating the data and testing the predictive power of the nuclear theory, reaction cross sections were calculated theoretically using the nuclear model codes EMPIRE-3.1 [6, 7] and TALYS-1.4 [8] . Only the default parameters were used.
Experimental

Irradiations
High-purity antimony (99.999%) of natural isotopic composition ( . The degradation of energy within the stack was calculated using the SRIM code [13] . A monitor foil was placed in front of each stack, at which the beam energy is well defined, to accurately measure the beam flux. The energy of the extracted beam was derived from the accelerator setting. The stacks were irradiated with a well-collimated beam in a target holder, which served also as a Faraday cup to collect the charge of the incident particles and evaluate the particle flux. The beam parameters were adapted by evaluating the excitation functions of the monitor reaction nat Cu( , ) 65 Zn.
Cross-section data for the monitor reaction were taken from the recommended data base of IAEA [14] . A good agreement between our values and recommended values was observed.
The energy and intensity of the beam from the cyclotron were checked using nuclear reactions 63 
Measurement of radioactivity
After appropriate cooling time the radioactivity measurement was started. The irradiated samples and monitor foils were measured using a high resolution gamma ray spectrometer consisting of HpGe "Canberra" detector coupled with a multichannel analyzer. The detector efficiency was determined experimentally using a selected set of gamma ray standard sources. The resulting spectra were analyzed using the software Maestro, version 5.0, supplied by EG&G ORTEC.
Calculation of total and isomeric cross sections
Using the well-known formula for the formation of an activation product, the cross section corresponding to a certain thin foil in the stacked target was calculated.
(1) where: is the measured photopeak area; is the decay constant (1/s); is molar weight of the target; is the total collected charge during the irradiation; Ze is the projectile charge; is the target thickness (g/cm 2 ); is the isotopic abundance of the target isotope involved in the reaction; is the intensity of the measured gamma photon;
A is Avogadro's number; 1 , 2 and 3 are the cooling, measuring and irradiation times.
When two isotopes or isomers have a common or very close -lines, with the knowledge of cross section of one of them and the area under peak of the common line, we can deduce the other cross section of the isotope or the isomer as follows:
Let there be two isomeric states (g and m) for an isotope with the supposed photopeak areas g and m respectively, and the common contributed photo peak :
If we calculate the cross section of the ground state * (using Equation 1) at the common -line considering as this line released only from ground state. Then * = +
With the same steps we have:
From Equations (3) and (4) 
Rearranging Equation (5) = (1 − * ) *
So the unknown cross section of the isomeric state can be calculated from a knowledge of the ground state cross section and the cross section calculated using the unseparated line ( * + * ).
The decay data used in the calculations are given in Table 1 . They were taken from Refs. [17, 18] .
Estimation of uncertainties
The uncertainties in the cross sections were estimated by using the error propagation through the formula used for calculation [19] . The contributions from non-linear parameters was ignored (time, half-life). The total uncertainty was estimated by taking the square root of the sum of all individual contributions into quadrature, detector efficiency (7%), the peak area fit (3%), the foil thickness (3%), The time error including irradiation, cooling and measuring (1%), the beam flux (7%), incident particle intensity (5%). The total uncertainty in the cross section values was about 12%. 
Results and discussion
Cross sections
The experimental reaction cross sections and their uncertainties are given in Table 2 . The data are plotted as a function of proton energy in Figures 1, 2 The experimental data are presented in Figure 1 together with the results of codes calculations and the available literature data [4, 5] . The excitation function has two maxima, the first at about 10.6 MeV and the second at about 28 MeV. In the present work only the 121 Sb( , ) reaction contributes to the measured data. Above 17.7 MeV The data obtained by the TALYS-1.4 code are in good agreement with the experimental data; also the EMPIRE-3.1 code gives acceptable agreement but with slightly higher values. Only one data set is available in the literature [4] , and there is an acceptable agreement between it and the present work. The model calculations give a good agreement with the experimental work, the EMPIRE maxima are slightly shifted to higher energy. days cooling time was applied to eliminate the contributions of the interfering radionuclide to the measured peak area.
nat Sb(p, xn)
The experimental data are presented in Figure 3 together with the EMPIRE 3.1 and TALYS 1.4 codes calculations and literature data.
The excitation function has a maximum at about 10 MeV with a cross section about 100 mb. The present experimental data show a good agreement with Takács et al. [4] , while Singh et al. [5] have the same trend but with slightly higher values. The data obtained by TALYS-1.4 code are in good agreement with the experimental data, the EMPIRE-3.1 code also gives good agreement but with slightly higher values.
Yield calculation
The activation yields of 121m,g Te and 123m Te isotopes were calculated and are presented as a function of proton energy in Figure 4 . The three isotopes can be produced with acceptable activity at the present investigated energy range. So there production can be achieved at low energy cyclotrons but more suitable are medium energy cyclotrons. All of these isotopes have a relatively long half-life, and almost the same production threshold energy, so it is recommended to use enriched 
Conclusion
The present work introduces a new experimental data set for the formation of the tellurium isotopes Te between the previously measured data points which validate the form of the fitted excitation functions. The data were validated using the nuclear model calculations. A satisfactory agreement was achieved between the present results and the available literature data as well as the theoretical calculations.
